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Navy Case No. 70,840 

^ \nfrared integrating sphere 
Background of the Invention 

1 The^^^cal characteristics of a material is an important 

2 mater iWtfroperty, and can be used, for instance, to assign 

3 optical signatures to well-known objects or classes of 

A objects, and to identify such objects or classes of objects 

5 remotely. For an opaque object, i.e., one having zero 

6 transmittance, the object's directional emittance can be 

7 characterized if one knows the object's directional 

8 hemispherical reflectance as a function of object temperatue 

9 and angle of incidence. Many systems for determining 

10 reflectance are known, prominant among which are integrating 

11 spheres, which for decades have been used to measure the 

12 reflectance of diffusely reflecting^ materials in the UV, 

13 visible, and near IR. Unfortunately, their exist no 

14 generally agreed upon reflectance standards beyond 2.5 

15 micrometers in the infrared. Consequently the reflective 

16 properties of materials in the infrared are not well known, 

17 and there is a need for integrating sphere systems which 

18 can measure the infrared diffuse reflectivity of materials 

19 with efficiency, convenience, and reliability. Infrared 

20 measurements are complicated by air having several 
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1 constituents (e.g. water a^a carbon dioxide), that absorb 

2 at infrared f requencie^^jwhrbh can distort or otherwise 

3 make less precise si^^^^surements of diffuse reflectance 

4 if the measuremen^^e made in an air atmosphere with a 

5 single beam spectrophotometer. Unfortunately, were one to 

6 contain any of the present integrating sphere systems in a 

7 chamber containing an artificial, non-absortive, atmosphere, 

8 one could examine the angular dependence an object's diffuse 

9 reflectance only by venting the atmosphere after each test 

10 at each angle of incidence, repositioning the object to 

11 change the angle of incidence, and recharging the system's 

12 artificial atmosphere. This repeated venting and recharging 

13 is most inefficient, inconvenient, and uneconomical. 

14 Summary of the Invention 

15 Accordingly, an object of this invention is to provide 

16 a novel integrating sphere testing system that can measure 

17 the diffuse reflectance of samples in the infrared. 

18 Another object of the invention is to operate the system 

19 in an atmosphere that has virtually no absorptance in the 

20 infrared. 

21 Another object of the invention is to enable one to 

22 reposition samples within the system by means external to 

23 it, so that one can make a plurality of measurements to 
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1 test the angular dependence of a sample's diffuse reflectance 

2 without needing to vent and replenish the system's atmosphere 

3 between any of the plurality of measurements. 

4 Another object of the^invention is to enable one to 

5 selectively vary sample i^empe^ature, so at to allow testing 

6 of the temperature depefiS^kce of the sample's infrared diffuse 

7 reflectance. 

8 In accordance w^h^hese and other objects made apparent 

9 hereinafter, the invention provides an integrating sphere 

10 disposed in an airtight chamber under an atmosphere that 

11 does not absorb infrared frequencies. The sphere has two 

12 positions where a sample may be mounted, one at the sphere's 

13 center, another on the sphere's wall, each position 

14 corresponding to a different mode by which the sphere can 

15 measure diffuse reflectance. In one mode, a rod disposed 

16 along a radius vector of the sphere acts as a mounting 

17 pedestal for a center-mount sample, disposing the sample at 

18 the sphere's geometrical center. The rod is rotatively 

19 mounted about its elongate axis so that a center-mounted 

20 sample can about with the rod is elongate axis. The rod 

21 penetrates the sphere and the airtight chamber, terminating 

22 in a handle by which the rod can be rotated as above 

23 described, enabling one to select the incidence angle of 
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1 the beam on the center mounted sample. In this mode one 

2 can reposition the pedestal to systematically examine the 

3 angular dependence of a specimens diffuse reflectance. In 
A addition r a reference or standard can be mounted back-to- 

5 back with the sample to be measured. By having the 

6 positioning handle of the rod external to the test chamber, 

7 one can angularl^C^feposition the sample in the sphere 

8 externaly and^wSs4$out the need to vent and replenish the 

9 atmosphen^m^J^He apparatus for each angular measurement. 

10 In the wal^srount mode, a sample is placed on the sphere's 

11 wall, and one uses the sphere 1 s wall as the reference. 

12 Adjacent to the wall-mount position is a heater for varying 

13 sample temperature, with which one can test the temperature 

14 dependence of the diffuse reflectance of the wall mounted 

15 sample. The ability to mount samples in either of two modes 

16 enables one to compare the diffuse reflectance of the center 

17 mounted sample against an identical wall mounted sample for 

18 purposes of calibrating data taken in one mode by that taken 

19 in the other. 

20 Brief Description of the Drawings 

21 A more complete appreciation of the invention and many 

22 of the attendant advantages thereof is readily obtained as 

23 the same becomes better understood by reference to the 
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1 following detailed description, when considered in connection 

2 with the accompanying drawings, wherein: 

3 Fig. 1 is a top schematic view, partly in section, of 

4 a measuring system employing the instant invention, 

5 Pig. 2 is a view in the^jVection of lines 2-2 of 

6 Figure 1. <0'" > 

7 Fig. 3 is a detail (of^re portion of Fig. 1 encircled 

8 by line 3-3. 

9 Detailed Description of the Preferred Embodiment 

10 Referring now to the drawings, wherein like reference 

11 numerals designate identical or corresponding parts throughout 

12 the several views, and with particular reference to Fig. 1, 

13 an integrating sphere 1 is shown disposed within an airtight 

14 chamber 15 under a non- absorptive atmosphere fed in at 17. 

15 Nitrogen is preferred because it has vitually no absorptance 

16 in the infrared, and as such provides a far better atmosphere 

17 for chamber 17 than, e.g., air, which contains much water 

18 vapor and carbon dioxide, each of which has characteristic 

19 infrared frequencies, and whose absorbtance would degrade 

20 infrared measurements taken by sphere 1. Chamber 15 has an 

21 appropriate door (not shown) , so that one can get to the 

22 interior of sphere 1 between tests. Sphere 1 is a metal 

23 shell of, for example, nickel, whose inner surface is 
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1 Lambertian (diffusely reflective). Such a surface can be 

2 generated by plating a highly reflective (preferably 95% or 

3 greater reflectivity) material onto a pre-roughened surface. 

4 in a preferred embodiment, thefolating on the inner surface 

5 of sphere 1 is gold, an esp^c5a!fc^y good choice not only 

6 because of its high ref kSS^b^jty, but also because its optical 

7 properties are genera^y^fetable with time. The desired 

8 roughness (coarseness generated by grit blasting or 

9 other conventional techniques. The coarseness of this 

10 roughening must be such that the height of micro-peaks on 

11 sphere l»s inner surface and the distance between such peaks, 

12 is of the same order of magnitude as, or larger than, the 

13 wavelengths of light to be diffused, and, of course, small 

14 with respect to the diameter of any light beam to be input 

15 into sphere 1. Surfaces of coarseness appropriate for 

16 infrared wavelengths are readily produced with known methods. 

17 The gold plate can be applied by any known process, such as 

18 chemical ("wet") electroplating. Sphere 1 preferably has a 

19 plurality of ports (not shown) which can be closed by 

20 conventional removable plugs (not shown) which have inner 

21 surfaces geometrically conformable with, and optically 

22 identical to, the inner surface of sphere 1. Such ports 

23 enable one to practice the "removable cap technique" for 
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1 measuring the reflectivity of sphere l*s inner surface, 

2 this technique well known to those skilled in the art. One 

3 skilled in the art may also selectively place the ports so 

4 that they may facilite specular measurements using sphere 1 

5 by acting as specular subtraction ports. As illustrated in 

6 Fig. 1, sphere 1 contains a pair of sample mounts 3 and 11 , 

7 a sample at 3 being disposed at t&&t^nter of sphere 1 on 

8 elongated pedestal 5, and a san^^^at 11 being disposed on 

9 sphere l's wall. (Fig. 1 ad^^^nally shows a sample 4 

10 located at center-mount po^^^^i 3.) Pedestal 5 penetrates 

11 chamber 15 in an airtight manner and has a termination 7 

12 disposed outside chamber 15. Termination 7 is preferably a 

13 precision vernier, and enables one to rotate pedestal 5 and 

14 a sample 4 mounted at 3 externally of chamber 15 in a place 

15 perpendicular to the elongate length of pedestal 5. Pedestal 

16 5 and sample mount 3 should have as small an area as possible, 

17 and be coated with the same material as coats the inner 

18 surface of sphere 1. A wall-mounted sample at 11 is mounted 

19 on the inner wall of sphere 1, and has adjacent to it heating 

20 element 12 which, in a preferred embodiment, is a simple 

21 resistive (joule) heater. Penetrating sphere 1 so as to be 

22 exposed to sphere I's inner surface is a conventional infrared 

23 detector 13 which is disposed immediately above and in line 
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1 with the elongate axis of pedestal 5. Pedestal 5 removably 

2 penetrates sphere 1 and chamber 15 so that one can remove 

3 pedestal 5 and operate the system in the wall-mount mode. 

4 Of course, in the wall-mount mode the opening in sphere 1 

5 through which pedestal 5 would extend is closed by a plug 

6 (not shown) whose inner surface is geometrically conformable 

7 and optically identical to that of sphere 1. Likewise, in 

8 the center mount mode wall moun^^Eri^> removed and similarly 

9 Plugged. 

10 Also disposed within ^eN^tjposphere of chamber 15 is a 

11 radiation source 19, prefer^bi^ silicon carbide, which is 

12 heated in any conventional manner, e.g., by a resistive 

13 (joule) heater (not shown) . Source 19 is disposed at the 

14 focus of parabolic mirror 21, and upon source 19 being heated, 

15 the electromagnetic radiation generated by source 19 is 

16 columnated by mirror 21 and directed to parabolic mirror 

17 23, which in turn directs the radiation to variable iris 25 

18 disposed at the focus of parabolic mirror 23. Light passing 

19 through iris 25 is reflected off of parabolic mirror 27, 

20 which directs the light to a conventional (e.g. potassium 

21 bromide) beam splitter 33, which directs a portion of the 

22 light to integrating sphere 1 via mirrors 35, 37, 39. 
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1 Beam splitter 33 is disposed at a 45° angle to both 

2 fixed corner cube 29, and corner cube 32 that can move 

3 linearly along direction 30 at a 45° angle to beam splitter 

4 33. The subsystem formed by corner cubes 29, 32, and beam 

5 splitter 33, is conventional in the art and is used to 

6 determine the frequency content of the light input to sphere 

7 1, and the magnitude of signals at^to^se frequencies, so as 

8 to measure the total energy inm^Sftto sphere 1 during any 

9 test. As light from mirror ,-%7^^inges upon beam splitter 
4110 33, a portion of the light ^^rected to corner cube 29, 
yjll and another portion to corner cube 32. A portion of light 
jul2 reflected from corner cubes 29, 32 is recombined and directed 
f ; U3 onto mirror 35. By measuring in any known manner the 

respective distances of corner cube 29 and 32 from beam 

%%5 splitter 33, one knows the phase angle between the two 

Ji6 interference signals in the interferometer. With this 

17 knowledge, and the interference patttern, one can use 

18 conventional Fourier analysis to determine the spectral 

19 distribution and intensity of the light incident upon mirror 

20 35, and hence input into sphere 1„ Helium-neon laser 31 

21 can also direct light to beam splitter 33 via mirrors 34 

22 and 36. The light from laser 31 is of a precisely known 

23 frequency, and hence serves as an excellent standard by 
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1 which to determine the position of moving corner cube 32. 

2 Sphere 1 can be linearly translated along the line of sight 

3 of port 41, mount 4, and mount 11 at least a distance equal 

4 to the distance between center mount 3 and wall mount 11 so 

5 that, whether one uses the center or wall mount mode, the 

6 sample of either mode "sees" an optically identical beam 

7 through port 41 ♦ ^^^^^ 

8 With particular referMfe^O^) Figure 2, more detail of 

9 the center mount 4 is s^^i^^hich has ledges 8a, 8b upon 
r , 10 which are mounted sample 4a and known reference 4b 

^ 11 respectively. Ledge 4a is adapted to align the face of 

S12 sample 4a with sphere l*s centerline 9, so that a point of 

^;13 the face of sample 4a is coincident with sphere l's center, 

TU14 and rotating of pedestal 5 rotates sample 4a* s face about 

} 15 centerline 9, and sphere l f s center. Sample 4b is similarly 

p!6 mounted, but, as seen in Figure 2, recessed slightly from 

pi 17 centerline 9, so that, when pedestal 5 rotates to place 

18 sample 4b in the line of sight of opening 41, sample 4b is 

19 slightly nearer the incident light beam than would be 4a. 

20 Because sample 4b is a reference, one has no need to measure 

21 the angular dependence of its reflectance, and experience 

22 teaches that this, combined with the small magnitude of 

23 offset from axis 9, introduces no significant error into 
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1 system measurement. Mount 4 also has lip 6 directly above 

2 samples 4 and obscuring the line of sight between the samples 

3 and detector 13 (Figure 1). Lip 6 prevents direct reflection 

4 from 4a or 4b into detector 13, ensuring that all light 

5 incident upon detector 13 is reflected from the surface of 

6 sphere 1. 

7 With particular referef^^ Pig. 3, the details of a 

8 preferred embodiment of/^Jb^^6unt 11 are shown. Sample 14 

9 is releasably held abutinijjy adjacent to port 20 of sphere 



1, in the line of sight of input port 41 (Fig. 1), by arm 



H 18 of coil spring 18. Preferably sandwitched between sample 

12 i and arm 18 is heater 12 for controlling the temperature 

\ 13 of sample 14. Thermocouple 26 is interlocked (by a 

14 conventional means not shown) with power supply 20 for heater 

15 12 so that the power output of supply 20 may be automatically 
-,16 adjusted to control the temperature of sample 14 precisely. 
"17 This configuration also physically isolates heater 12 from 

18 sphere 1 by an insulating dead air space, preventing direct 

19 heating of sphere 1 which could result in black-body radiation 



from sphere l's inner surface. 



21 in operation , one can measure the reflectance of sample 



material placed either at sphere l's center 3, or on its 



23 wall at 11. When testing a sample disposed in wall mount 
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1 11, sphere 1 is initially positioned with the sample of 

2 unknown diffuse reflectance mounted at 11. Light from 

3 silicon carbide source 19 is directed to port 41, and to 

4 the sample, which is positioned at 11 as above described, 

5 and the flux reflected by the sample at 11, impinges on the 

6 inner surface of sphere 1, the magnitude of which is measured 

7 by detector 13 after both single M^Tffi^tiple reflections 

8 off the inner surface of spherec^XSSphere 1 is then pivoted 

9 in direction 43 about port 0?s&^£ to remove the sample 
P 10 and mount 11 from port 41 f s rin^ of slight in favor of a 
ill portion of sphere l f s gold inner surface, and the measurement 
pl2 repeated. (Direction 43 is perpendicular to the plane formed 
bj!3 by the elongate length of pedestal 5 and the line of sight 
"."14 between port 41 and sample 4 — the plane of the drawing sheet 
: n 15 on which Figure 1 is set forth.) Pivoting sphere 1 in this 
T.16 manner maintains the symmetry between detector 13 and the 
2*17 sample of the first measurement, and detector 13 and the 

18 portion of sphere l's surface of the second measurement, 

19 thus reducing systematic error. In this manner the relative 

20 diffuse reflectance of the wall mounted sample and sphere 

21 l's gold surface is measured, and the reflectance of the 

22 gold surface is determined using the "removable cap technique" 

23 which can now serve as the reference for later measurements. 
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1 Thus calibrated, one can repeat this procedure to measure 

2 any sample at 11 of unknown diffuse reflectance using the 

3 inner surface of sphere 1 itself as the reference. Heater 

4 12 can vary the temperature of a sample at 11 to allow one 

5 to investigate the temperature dependence of such a sample's 

6 diffuse reflectance. f- 

7 For a sample center-mounted atr : 37 one inserts pedestal 

\ \ ' 

8 5 carrying sample 4 as above descil^d. Manipulation of 

9 termination 7 of pedestal Sf^t^i^ie angle of incidence at 

10 which light passing through opening 41 hits sample 4* In 

11 this manner , a series of measurements of sample 4 may commence 

12 by turning standard portion 4b toward opening 41 (hence 

13 opaqueing portion 4a) and using the standard to calibrate 

14 the system. Thereafter , sample portion 4a may be turned 

15 towards opening 41, and a series of measurements taken at 

16 various angles of incidence so as to test the angular 

17 dependence of the sample portion 4a* s diffuse reflectance. 

18 Because incidence angle is set by external termination 7, 

19 one need not purge and replenish the nitrogen atmosphere in 

20 chamber 15 between each re-setting of angular position, a 

21 great economy as well as a great convenience to the operator. 
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Optical design of an integrating sphere- 
rouri«r transform spectrophotometer (FTS) emissometer 

Kaith A. Snail 

Optical Gciancaa Division, Coda 6520, Naval Raaaarch Laboratory 
Washington, DC 20375-5000 

Kevin F. Carr 

Labsphere, Inc. 
P.O. Box 70 
North Sutton, Hew Hampshire^ 03260 

Abstract J^"—-X 

This pa par describes the optical design of an integrating sphere - Fourier Transform 
Spectrophotometer (FTS) instrument for measuring diXfuae I R reflectance as a function of 
angle r temperature and wavelength* The integrating sphere is 5 inches in diameter with a 
center mounted sample stage permitting beam incidence angles of 10 to 70 degrees. Samples 
can be mounted back-to-back for relative mea^xes^nj* and ports are Included for specular 
subtraction of the reflected beam at 20 andMSO degree incidence angles. A heater capable 
of producing temperatures over 150 C has been included in a sample mount on the wall of 
the sphere. In addition, the sphere can be rotated about the beam port, permitting 
operation in both the center and wall mounted modes* Two detectors are planned for the 
spheres a 16 am* square cooled HgCdTe detector and an uncooled 3 mm diameter DTGS detector 
which is coupled to the sphere with a nonimaging compound elliptic concentrator (CEC). 
The CEC restricts the detector's field-of-view (FOV) to uniform contrast areas on the 
sphere wall with essentially no change in detector flux* The sphere's coating consists of 
a 0,5 micron thick gold film on a aluminum substrate, with a mean feature aixe of approxi- 
mately 20 um; a similar coating with a roughness average of approximately 10 urn was also 
considered. Measurements of the 10. urn coating* s total spectral reflectance from 0.3 - 20.0 
lim and the bi-directional reflectance distribution function (BRDF) at 3.8, 10.6, and 20.0 
um are presented. The BRDF results show a Lambertian character in fixed azimuthal planes 
and no specular peaks until the wavelength equals 20 um and the incident angle is 80 de- 
grees. 

Historical perspective 

The integrating sphere concept was first suggested by W. E. Sumpner 1 in 1892. He 
demonstrated that the wall brightness in an integrating sphere is proportional to the total 
radiation emitted by a source placed inside the sphere* Eight years later, R. Ulbricht 1 
proposed a photometer based on an integrating sphere* Since that time, a considerable 
amount of progress in the development of integrating spheres has occurred, however, it was 
not until 1955 that the first correct derivation of the throughput of an integrating sphere 
was performed by Jacques and Kuppenheim'* In the 1960's Edwards and his collaborators re- 
ported on a number of new ref lectometer designs including the first visible/NIR sphere with 
a center mounted sample stage*: this work was the basis of a commercial sphere marketed 
by Gier-Dunkle s for the Beckman OK -IX A visible/HIR dispersive spectrophotometer. 

In an effort to extend the use of integrating spheres into the mid infrared region, 
sulfur coatings were investigated by several researchers** 7 . The preferred coating for 
infrared integrating spheres now appears to be roughened gold. In 1976, Willey 1 described 
a sophisticated dual beam instrument which coupled a Fourier Transform spectrophotometer 
(FTS) to a diffuse gold Integrating sphere for infrared measurements* More recently, 
Gindele and his collaborators 9 have reported on a diffuse gold sphere - FTS instrument with 
a spectral range of 2.5-15 microns. In this paper we report on the first mid to long wave 
(2*5-20 microns) infrared integrating sphere with a center mounted sample stage* In 
addition, we show how one can estimate the error introduced by a detector viewing nonuniform 
illuminated areas of the sphere wall. Finally, design curves are developed for coupling 
detectors to integrating spheres with compound elliptic concentrators (CEC*s) and a tech- 
nique for modifying the CEC by refraction in a cover window is demonstrated. 

Design details. 

In this section we describe the design of a self-contained sphere accessory for the 
Mattgon 1 * Cygnus-25 FTS* The NRL Cygnus-25 (see Fig* 1) is equipped with a water cooled 
1300 C Sic source, a computer controlled iris, a Michelson interferometer with one arc 
second (4.85 microradians) corner cubes, a KBr beam splitter, and a 2 x 2 mm pyroelectric 
detector fabricated from a single crystal of deuterated triglycine sulfate (DTGS). The 




major sub-assemblies of the sphere accessory are the sphere itself, the detector and it 
associated optics * the diffuse gold coating* and the transfer optics* 

Sphere geometry 

The sphere diameter is 5 inches with six circular ports provided for center or wall 
mounted samples, a detector , the beam* and two specular subtraction angles* Total open 
port area in the center mounted mode Is normally 1.42 in 2 * or about 1*8% of the sphere's 
surface area* Table 1 details the critical dimensions of the sphere and its ports* 

Table 1* NRL Integrating sphere characteristics 

Sphere diameter (inches) 5*00 

Entrance port diameter 1*25 

Exit port diameter / 0.50 

Secular subtraction port (s) 1**25 

Wall mounted sample port 0*875 

Coating reflectance (est* ) 0*95 

Specular subtraction with a light trfep is possible at 20° and 60° for center mounted 
samples and 10 for wall mounted samples* The wall mounted sample port also has a ceramic 
heater and digital temperature controller capable of achieving 150 C sample temperatures. 
A variable angle mount positions samples ja^t the geometric center of the sphere; the sample 
holder accepts one inch diameter samples ..up to 0*062" thick* The mount inserts horizontally 
into the sphere in order to accomodate a horizontal looking detector at the detector port* 
which is diametrically opposite the center mounted sample port* The gold coated sample 
holder also accepts a diffuse gold reference plate* mounted back-to-back with a test 
sample. Samples are held in a slightly recessed position so that the sample is not within 
the o detector*s f ield-of-view (FOV)* A rotary feedthrough allows sample rotation through 
360 without breaking purge. For wall mounted operation* the sphere is pivoted by 10 
about the beam port* giving a 10 incidence angle on the sample* In the unpivoted position, 
the beam strikes the sphere wall above the sample. 

Detector and associated optics 

The standard detector for the Cygnus-25 has a 4.0 ram 2 square DTGS element with a D* of 
greater than 2 x 10' cmHz l/2 W- 1 at 2 kHz. Currently a 16 mm 2 square Mercury-Cadmium- 
Telluride (MCT) detector and a circular DTGS/non imaging cone system are being fabricated. 
The MCT detector has a peak D* of 5*17 X 10*cmlte »/ a W" 1 at 1.0 kHz. 

When using integrating spheres* it is important to shield the detector from any high 
contrast areas on the sphere wall. Without this restriction on the detector's FOV, two 
samples with identical total reflectances but different BRDF's could give significantly 
different results 11 . For an integrating sphere with a center mounted sample* a specular 
reflection from a sample will trace out a ring on the sphere wall as the sample rotates* 
The detector could be shielded from this high contrast ring with a baffle inside the sphere 
or a collimator outside the sphere* Visible integrating spheres occasionally use diffuser 
plates (typically opal glass) over the detector port for this purpose, however in the infra- 
red diff users are not commonly available* Baffles were Viewed as undesirable because of 
possible distortions of the radiation field inside the sphere. 

A nonimaging cone has been designed which permits a restricted f ield-of-view on the 
detector with essentially no change in flux* The proper reflector shape to use is a 
Compound Elliptic Concentrator 1 ^ (CEC)* with corrections for refraction through the detec- 
tor's cover window. Recently Tardy 4 * has calculated the throughput advantage of a CEC cone 
without a cover window versus an optimized collimator* In the next section we extend 
this calculation to include refraction effects in a cover window and we present a set of 
general design curves for a windowless CSC*s length and entrance aperture as a function of 
the CEC's field of view and the detector size. 

Coating properties 

Two roughened gold coatings were considered* both consisting of a 0*5 micron thick gold 
film on a roughened aluminum substrate. The roughness average of the first surface is 
approximately 400 micro inches (10 urn) and the second surface appears to have mean feature 
sizes about 2*5 times larger* Scanning electron micrographs of the two surfaces are shown 
in Fig. 2. Measurements of the 10 ua coating's total spectral reflectance form 0.3 - 20.0 
pm were performed at Surface Optics Corporation 1 11 using an integrating sphere in the visible 
/MCR spectral region and a hemi -ellipsoid ref lectometer operated in the reciprocal mode 
from 20 -20.0 urn* The results of these measurements are shown in Fig. 3. Note the dip in 
the reflectance beyond 2.0 urn; this is the wavelength at which the integrating sphere is 
replaced with the hemi-ellipsoid* 1 1 is unlikely that the surface roughness or wavelength 
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dependence of the foldAAcUnn is causing this 5-7% dAftit reflectance ' k 
P t 1 ??* lb j2 ^P 1 *"*" 0 " afPaWto be non-unif ormities in the rfSiSiXon sourcTof^n. h^il 
ellipsoid, a solution to this problem is proposed in an acmos^panying paper ** . A m Jf* 
«»parativa measurements at Labsphere on the vi.ible/KiR reflictance of the tw coatinas 
indicted that tha rougher coating had a higher total ref lectance/and on the baai* of 9 
the.. measurements tha roughar coating was selected for the NRL sphere. 

m^'J^*™* 1 ™* 1 ^Jio**"?* di «tribution 'unction (BRDF) of tha 10 pa coating was 

lL. 20 ' *L! n ? 8 °! incidenc « » n 9 1 «« «t 3-«. 10.6, and 20.0 microns. Tor tha most 
fZlt'J " »«»ur««ants show a Lambertian character to the scattering, with a specular 
£ ?-,Ji" t fPP««ring at 20 um and large incidence angles (>50°). The surface also show, 
a tendency to forward scatter, as illustrated in Fig™ 4. Mote' the lac^oTa^cSla^eak 

« SamberSn 1 '*. Sfd^a l?^™? *** ° n rOU9h " COatln * d ° not appe " to *• 

Transfer optics 

Normally, the Cygnus comes with a 15 cm focal length (f#/3), diamond turned, off-axis 

ZtntS » ir f°V' hich providea * »°° b «» •xcur.ion4to the image plane^Ec.^ " the 

source dLohr^S S 1 ^ 8 " ,i ^ ta ?K e t^l ? eam diaMt £l? thl « Pl»n« i- determined by the 

«i«wter in the object plane and the^Mservation of entendue. The source 

^:L h r^^ i i ^ ca t ^ on \n^u y co 3?3? lled ln 1% m $j^ a BixiBUB dianeter °< i - 5 -» 

««nf l ?- e «^ Sln9 i?, dliUn0 ? d £ urned elli P« oid whi^^% satisfy the beam divergence require- 
Tfctctivl °J "f d ^Lfh a ^ b «' W ^ d " i f^t^^»irror y s y .tem (see Fig? 1) having an 
®"!f.« V " i 00 ? 1 f en 9th_of 29 cm and a magni^aMoj^f 5.7. This arrangement uses one 



eon«J« ZrJZT 7 t ^J" 00 ? na « iwgnl^taei^n' of 5.7. This arrangement uses one 

Se reLS? S!L a JJf tW ° fl «t Errors, alf^^hicirhave front surface aluminum costings, 
na^"^"^ "EcS^gfela 9 ! ) - . * 1<S " th -^£/}« recommended by the Co-mission Inter! 

Detector optics comparison 

fieW^vie^rovw™ E integrating spheres, it is necessary to restrict a detector's 

Itl itZlS , * 8 2,* 8 ^° P revent direct observation of the beam port, the sample, and 

£ri.?££!! 1 ? r re 5r ec ^ ion {i £ P^ent) from a sample. Olson and Pontarelli* 'obier^ed 

intLr^t* I ** ref lectance when * reflective, grooved sample mounted on the wall of an 

en^ n h^f 8 «»« rotated about an axis perpendicular to its surface. This is equiva- 

ie«J£™ 9 * 8amPle 8 fc ? tal reflect ance constant and varying the BRDF. The highest 

oof t!o» «rfho ere K° bSerV ?f WhCn 8ample g r ««ves reflected £he incoming beam onto the 

£fl££™ P U" 11 ^ ieW6d by the det ector. Obviously, the accuracy of diffuse 

the raXa^om^STESi"^ "J*? "2 inte ^ at j n 9 S P"«« "i" on the degree to which 

tne radiation field within the detector's FOV is uniformly Lambertian. 

Contrast calculations 

aperfurrirr a dLn^ i «n e ^ een a / ir f Ctly ir « dia ted «ea °« « "Phere wall and the exit 

t the irwdif ted Lot » of the incident flux * it the 8phe re throughput 

t, tne irradxated spot area A x , and the exit poi;t area A,,, as follows 

K - <W / CT^/A.) + 1 (1) 

tion y „f°^ 8 ^f e f7 n9 V 1 * 8ucce88iv « reflections of radiation entering a sphere and the frac- 
ttZ k radiation , lo8t through ports after each reflection, Goebel" has shown that the 
throughput of an integrating sphere is given by: 

T " f eP*/I> -Pw a " £ j>J (2) 

fA ^ e r.5» f 1 ^ t0 th f ratio o£ *** exlt P° rt are * to the 8 P»>ere wall area 

(X ♦ A t/A J L^ion t 7i» POrt ar * a J b ! aa w + ^J^ctor) divided by the sphere wall area 
waif -s rif Vg e ;.nf2 ™ « t as8ua ?• tha 5 the sphere wall is illuminated directly, that the 

of all Srts 2 ^™ P ^n^%^ a f >ertlan r**, 000 "*"* ^ the 8 P here ' that the reflectivity 
°i „ | P°f ts is zero, and that no sample is present in the sphere. When the wall reflecti- 
vity xs set equal to unity. Eg. (2) correctly reduces to A /(A +A, ). If baffles or sample 
iddltion-r in ' roduced into the sphere then A a must be incfeasSd io take 2to account^he 
^ d S,!^T are !C I L^ h ? ab8enC * ° f » Sl ti P le reflection, the sphere throughput 
^2LZS£?j, f e Pw' the additional term in the denominator corresponds to the throughput 
d2« a ??K^ k d ?? t§ f* diat ion undergoing at least two reflections. For the NRL sphere 
intl Eq^(!) r q2esT Pw " ' 95 ' (2> 9iVe " * throughput of .028. Substituting Iq! (2) 



V A x> f 1 ~ Pw (1 - £ j>] /Pw 4- ! 



(3) 
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If we 
that the 



Thus, for the NRL sphere with A - 2A , Eq. (3) 9 ivea a contrast of 18. This type of 
analysis can be used to estimate tfte effect of a detector viewing the be Li soot di££L?5 
Let the fraction of the sphere wall view* by the detector whTch'i? diSctlJ^rJdiltid'by 
the beam by £ . Then the fractional change in flux at the detector port due to awing the 
beam spot in Slid out of the detector's field of view is given byi wwing tne 

A V*e - f xw* " » -^w 4t V ™\ 

viJS?HS*h-?5 1 S ln 2.f apot ot area 2A e ln out of the 'i«3of view of a detector 

viewing half the NRL sphere wall would alter the sphere throughput by 17X. This is a 
very large effect which must be considered carefully when designing integrating spheres. 

Dectector opti cs throughput comparison 

-ii<H^!l i8 sect f°" we compare the throughput of a baffle, a collimator, and a compound 
fll ™n« C °K Centrat ?f i (CEO (8ee * ' * hav « un *"« to locaU exchange factors 

I «C Sut'h?^!r e fhin 18 ^Pf^r 1 *5 at ? J con «'« throughput will considerably lower than 
r whirt! «- * f* 2 coll f mator v Consider a sphere of radius R and a detector of radius 
r d C ?2 8tra i? e V° VieW ? vi f tual » ou ' c « of radiue r through an aperture of radiul 

UmSTfUVJ^ ' K The dete f tor , is di»Pl«ced a distance L from the sphere " 
assume that the sphere coating is a perfect Lambertian scatterer, then we, 
dlr!^ 88 ,', ' 4 ° V !V!? y surface ln « ld « the «P«>«re will be uniform, exc * 

K il i uminated by the beam. The flux at the detector port will^. 
'B( ir ) and the fraction reaching the detector will be 

♦„ « 'B<tr*)P AD (f - (5) 

^^fsB.. 18 the exchange factor for radiation leaving the de£ecior port and arriving 
at the det8«tor surface. One could also write Eq. (4) as a produWof the flux incident 
° va ^ Sphere 'w the S ? here throughput, and the exchange factor P A useful expression for 
evaluating exchange factors for coaxial circular disks is . *° expression lor 

F AD ' <°L " °s> V <V (6) 

of 2a' r d.5fr.Jl£ Su!*? *?? len 9th* of the long and short meridional diagonals from one edge 
of thl ™if? f P* r t to the an edge of the detector. We assume that the inner surfaces 
of the collimator and baffle are black and that one is free to vary their apertures « lono 
w S -^h\i e 2 9th " ad ? ust ed appropriately. For the collimator, F^ has an optimal "l". 9 
w5 have limTf J a iK Ulated . a8 a ^ unc tion of source and detector s*2e. whereas fo^ tte biff le 
effects. aperture diameter to that of the detector to minimize shadowing 

of the sour« a „d U Sf a f\ 0f revolut ion of two elliptical arcs with foci at opposite edges 

v ? ? detector. For meridional rays originating on the source, the CEC 

«r^£- t is e s f? n tiall y unity, less reflection losses, whlreas for meridional rays 
ar« 9 ^ a n-S 9 K° f 5 '?* f? urce the throughput drop, to zero. Some skew rays from the source 
!2 ed b* 0 *' fading to a slight rounding of the CEC' s field of view. If the cffi i« 
?h 8 i 9 ^ ^°r eXpe11 flux . wer the hemisphere Ind if air surround, the source and debtor 
then the CEC concentration and the exchange factor F^ are related by* aetector, 

( 

CF AS " 1 (7) 

r«».B?£To?J; *« ( f» /r d )l : Thus the concentration of the CEC exactly compensates for the CEC 'a 
restricted fiel* or view, and the detector flux is equivalent to that obtained with a 
var!« 0 L^° Un ^ d . 0 ? th ? Wa H of , the sphere ' Since the sphere throughput given by Eq? (2) 
™? 8 - PPr ? Xinat f ly linearlv with the detector area {for small f .) , one may want to 
thil faL^h^r^ j ? 8t * Single CEC but an array of CEC '« to increase the throughput. In 
comjletlly! entrance apertures can be merged so as to fill the detector port 

colliLf a .!l 9 !f 1 i nCiden0 .! ?? 9leS ° f r ? di *tion striking the CEC'. detector compared to a 
?«™ 111 undou °tably have a lower net throughput due to higher Fresnel reflection 

of SiS'lfSm?:' th ? 'fir* ° n thC deteCt ° r 18 ^'tian, then we S'Sate 
It °f this effect by calculating an average absorption as a function of the half 

c2liul!fioJ e »r adiati ° n 4 C0 2? "i^ting a point on the detector. The resets of su" a 
calculation are shown in Fig. 6 for detector optical constant, typical of MCT at 10pm 
factor deL».?li\.- 1 2J OU9h the re £ lect ivity falls rapidly beyond 60*, the projected area 
be less than 3%. average absorption to this decline. The overall effect appears to 

Figure 7 shows a throughput comparison for the CEC, the collimator, the optimized 
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collimator, and the minimal baffle -r,). Tha results are norma lixad by tha CEC flux and 
plotted vs. tha source/sphere radii (r /8 > 1 it a great circle source ) • The standard 
Cygnus-25 DTGS detector is assumed , giving t/k«.0178. Note that for our design case 
(r R«.9), a factor of 5*6 improvement in throughput over the optimized collimator is 
predicted for the CEC* As the solid angle subtended by the source expands towards 2f, the 
different detector coupling she ernes converge to the same throughput. 

Figure 8 shows the length and aperture of a windowless CEC mounted on a sphere versus 
the source size, plotted on a logarithmic scale* The upper' limit on the CEC aperture is 
equal to the source radius , and as this limit is approached the CEC length goes to infinity. 
For the range of detector sizes plotted, r /R values less than 0.5-0.7 result in CEC 
lengths comparable to the sphere diameter. Thus, it appears that the CEC may not be 
suitable for applications requiring very narrow fields of view, such as those encountered 
with spheres operated in the reciprocal mode. 

Refraction compensation 

The proper shape for the CEC arc is not actually elliptical, due to refraction in the 
detector assembly cover window. One can argue that the blurring of the edges of the source 
due to refraction will be of the order of the thickness of the window or less, and conse- 
quently the lliptical shape should be retained for ease of fabrication. For applications 
where source dimensions need to be precisely controlled, the CEC's shape can be modified 
with a general string technique 12 . We have performed such a modification and are 
initiating fabrication of a refraction compensated CEC on a computer numerically controlled 
(CNC) lathe. The detector will be a circular DTGS detector* * with approximately 7^ more 
surface area then the standard Cygnus-25 DTGS detector. Figure 9 shows a < 
refraction compensated CEC and a wall mounted windowless CEC for identical 
source sizes. Note that the refraction compensated CEC is approximately 5i 
a 4% increase in concentration, compared to the windowless CEC. /£^\S 

Signal to noise ratio \ \^ 

In the previous section we discussed the throughput of integrating- spheres including 
the effect of the detector's optics. The overall throughput of an FT S- integrating sphere 
combination also includes factors relating to the source, interferometer and transfer 
optics. In this analysis we will assume these factors are fixed and start with the beam 
flux entering the sphere. The signal from the detector can then be written as; 




S m *t T s P h F ad 

where the beam flux entering the sphere. Noise originating in the detector can be 
written as: 



(8) 



N « /(A d v) / D* (9) 

where D* is the average detectivity of the detector material in (cm Hz^/W) and v is the 
scanning frequency, which is normally 4 kHz for the Cygnus-25 DTGS detector* Hence the 
overall signal-to-noise ratio of the instrument will be: 

S/N * * t pyfl - P w d-f J 3f a F Jfcd 0V/(A d v) (10) 

where we have not assumed anything about the nature of the detector optics. The beam 
power in the samole compartment was measured to be 10 mW with a pyroelectric radiometer. 
F j for the 4 mm* DTGS detector was calculated to be .026, assuming a window diameter of 
.4*0 inches and a detector -to -window distance of .160 inches (the detector port diameter 
was adjusted downward to the window diameter .for the sphere throughput calculation). If 
we assume a conservative D* of 1 x lO'cm Hz l/2 /W, then eq. (10) gives 58 for the signal to 
noise ratio. By adding a CEC to a circular DTGS detector of equivalent area, this in- 
creases to 214, or by a factor of 3.7. This improvement is somewhat less than that pre- 
dicted earlier, and is due to the wider field of view of the standard DTGS unit compared 
to that assumed for the CEC (r /R «0.9). Even so, the advantage of using a CEC is obvious. 
A similar calculation for the HCT detector yields a signal to noise ratio of 200-285, 
depending on the value used for the average D*. 

Conclusions 



Mien dealing with integrating spheres having center mounted samples, a compund elliptic 
concentrator (CEO is the optimal way to couple a detector to the sphere* The CEC permits 
restricted fields of view with negligible losses in detector flux. Because the throughput 
is frequently detector size limited in the infrared, it may be useful to eomploy arrays of 
DEC'S with their detectors connected in series. 
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8R0F data on tbe Labsphere 400 yinch roughened gold coating show negligible specular 
behavior for wavelength* ranging from 2-20 \m* The somewhat low directional reflectance 
measurements are being checked at another laboratory 2 1 and will be reported in a future 
publication* Preliminary data on the newer gold coating indicate that while its reflecti- 
vity is higher, the BRDF is not as uniform. SEM photographs show horizontal feature sizes 
about 2-3 times as large as the 400 pinch coating* 



At NRI*, Keith Snail would like to acknowledge Arthur Morrish for his assistance in the 
operation and testing of the instrument. At Labsphere, we wish to thank Richard Ellis for 
his creative implementation of the sphere design and Phil Lape for underwriting part of 
this research* We also thank Ternay Neu at Surface Optics Corporation for his interest in 
our project and assistance with the characterization of the roughened gold coating* 
Finally, we are grateful to Joel Covey at Matt son Instruments for his suggestions regarding 
the transfer optica, detectors, and other matters. This research was auppogtedUn part 
by a grant from the Defense Advanced Research Projects Agency. ^ : ^> N \ 
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Figure 3: Total reflectance versus wavelength for Labsphere 400 micro-inch 
diffuse gold coating. The discontinuity at 2.0 microns marks the 
transition from an Integrating sphere to an ellipsoidal mirror re- 
flect ometer. 
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Figure A: Bidirectional reflectance data for tabsjihere 400 micro-inch diffuse 
gold coating. The data shown was measured at an incidence angle of 
20 degrees, a wavelength of 10,6 microns, and a variety of angles in 
different azimuthal planes ranging from the plane of incidence (top 
curve) to 126 degrees out of the plane of incidence (bottom curve)* 



-23- 




Fig. 5a 




Fig. 5b 





-24- 




*M 4J 4) 
O (0 3 

C CO 

q o» >» 

•H 65 H 
U 0) U 

5 o c 

g C -H 
H *J 

C H «> 

•H 4> C 

4J M O 

M «H 

Of H 4J • 

C M o 
won 

4) 09 C 

. £ * 

£ 2 > «* 

H 41 

0 * U <U 

05 



0) 

c 
o 
o 



6 

o 

M 
O 

B 



4) <U 

(0 

3-5 

o> § 

WO tJ 0) 
> «-« <U 

C 4J O <d 

o <o e 3 

-M ^ O Cd 

a o tj 

U U t3 
O U 09 4) 

w at a) 4-t 

• ^ §•? 

fJ H fll ft 
4> o M 41 
< tC r-l U 



4) 
9 



9*0 S*0 **0 

indHanoyHi 



1 ■ 1 1 1 r 

£*o ro i # o o # o 



-25- 




5 



CO 

to 

CM 
O 



CO 

or 



en 




u 

3 
CO 



in 



CM 
O 



o 
o 



-26- 



m 



X 



CEC LENGTH / R-SPHERE 



c 

ft 

00 
CD 



22 o 
ft o* o 

H» 

Q H» M 
W ft 

0 M 3 
ft> OQ 

» 3 ft 

09 
ft H» 
H 3 ^ 
ftOQ 3 
C O 

1 H» H 

ft H B 

o tx> 

ft 9 H 

cr h. 

ft * N 

O ft 

M »-* O* 
ft 

» I cr 

rt • 

3* O CO 
O CO ft 

ft *d »i 
to ft 
ft 

ft ri rt 
O ft t» 
D* 

H- ^ H- 

3 O C 
H> D» CO 

H» • < 
rt a 

CO c 

» ft 

co rt 

3* CO 
ft ft o 



•o CO 

ft o 

o c 

rt n 

ft r> 

CL ft 



c 
1 
r> 
ft 

CO 
H» 
N 
ft 



N H> 
ft O 

ft 

n rt 

O ft 
0) o 
O rt 

sr o 

ft H 

CO 




*27- 



m-. 



R-HPERTURE / R-SPHERE 



J « 1 — ' 1 . t ■ ■ i t f |' 



OQ 
C 

ft 

00 
Of 



ft cr ft w 
3 J rt n 

rt is o pi 
tr rt *d 
ft o ft 

w ft rt 
H C 
H- P> ft) * 

it * h. ft 

3 rt • pi 

p- c i a* 

rt 1 ft> p. 

ft d c 

• 00 CO 

ft H> 

a. 0Q D 

o 

2 * £ 
c o 5 

1 9 M 

r> h- 

ft • N 
_ O ft 

a* i or 

o co 
or m«o 
» sr 

O CO ft 

Q *o n 
& tr ft 
ft ft 

H H 
ft ft to 

•9 

C M H- 
CD to C 
MO.* 
<*• H» ^ 
H» 

to • < 
rr rt> 

rt H tt 

to ft CO 
rt 

O CO 

C O 

one 

H» < ri 
3 ft o 
rt to ft 

rt a> c& 
D - rt h. 
ft O N 
ft 

O 

o o 




J 1 1 i I ,l I i J, 



O 



3 



i — L««_L 



* I i I I II, 



-28- 



00 
OLO 

to • «~+ 



c 
o 



c o too 
o 

to • CO 

COtS « £ C 

y a o o 

ar • c -<j a 
tgx «>> 3 c 
cc o © © 
a~ a> © cue 
c © c © 

O © © Q_ O X 

ujaca a. 

O CO 









1 — , 1 




ri 



0) 
H 



c 

4J 
03 

g 

O 
G 
O 
O 

9 

4> 



O 
W 
U 

cu 



2 * 

C 

00 a 

CO o 

3 § 

«h a 

O 

4J • 

« 35 

u a 

« 3 

•o CO 

09 

c 

CO CO 

» 3 
41 

M M 

4» O 

JG U 

o. u 

CO 4) 



I 



3 

o 
CO 

o 



4J 

4J 

u 

41 
O. 
CO 
4) 

Ov 

<7k 
CO 



co 

CO 
fS 
4) 
O. 
S 
O 

u 

a 
o 

*H 
4J 

a 
cd 

M 

<M 
4) 
M 



* 4) 
4) -O 

a 

Vc 4> 
O XX 

O 4J 

(0 

u 

41 4> 

a > 

CO O 
CO 

4) O 

•u c 

8 9 

4) 

T> > 
4) O 
C V 
00 

•H O 
CO c 
4) 

CO 4) 
« > 

* S 

o o 

W jC 



CO 
00 

as • 
♦ o 

CN W 

u 

4) 

CO 4) 
4J 

O <0 
W CO 

<-> c 
w a 

4) S 

a o 
cx o 

c 

4> O 



a 

CO 

u 



o 

4) 

w 



4) 4) 

a. * 
a o 

3 H 



60 41 
41 4J 



CO 4-* 



00 



-29- 




Obviously numerous additional modifications and 
variations of the present invention are possible in light 
of the above teachings ♦ It is therefore to be understood 
that $ within the scope of the appended claims, the invention 
may be practiced other than described specifically herein 



above. 
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ABSTRACT 

Disclosed is an integrating sphere for measuring the 
diffuse reflectivity of material samples in the infrared. 
The sphere is disposed in an airtight vacuum chapib^k under 
an atmosphere that does not absorb in the infr^^lT^rhe 
sphere has two positions at which a samj^\CaV\TC mounted, 

fr 

one on a rod at the sphere's center, anotheiy on the 
sphere's wall, each mounting position corresponding to two 
different modes of testing samples. The rod acts as a 
mounting pedestal for a center mounted sample, and is 
rotatably mounted about its elongate vertical axis so that 
the sample can rotate with the rod in a horizontal plane. 
The rod penetrates the sphere and the chamber, and 
terminates in a knob or handle by which the rod can be 
rotated to position the sample at a preselected angle. 
Adjacent to the position for wall mounting, there is a 
sample heater. This configuration allows one to measure 
diffuse reflectance of a sample as a function of incidence 
angle and temperature. In the center-mount configuration, 
the handle enables one to anglularly reposition a center 
mounted sample without the need to vent and replenish the 
chamber's atmosphere after each test. 



Navy Case No, 70 f 840 



WHAT IS CLAIMED AND DESIRED TO BE SECURED 
BY LETTERS PATENT OF THE UNITED STATES IS: 




1. 



A system comprising: 



an integrating sphere; IT 



an airtight chamber means effective to provide 



the inside of said chamber means with a non-air atmosphere 
of preselected composition; and 



integrating sphere. 

2. The system of Claim 1, wherein said means for mounting 
is a pedestal effective to mount said sample at the center 
of said sphere, said pedestal means comprising an angular 
adjustment means for rotating said sample in said sphere, 
said angular adjustment means comprising a termination 
means for eambling said angular adjustment means to rotate 
said sample in said sphere from outside said chamber means. 

3. The system of Claim 2, wherein said means set sample in 
subdivided into two sample portions set pedestal means 
comprises a mount effective to mount said sample portions 
back-to-back on said pedestal. 

4. The system of Claim 1 wherein said means for mounting 
is a clamping means for mounting said sample on the inside 
wall of said integrating sphere. 



a means for mounting a sample inside said 
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5. The system of Claim 4 wherein said integrating sphere 
has a port passing through the wall of said sphere for 
mounting is effective to expose said sample toirlirgbt flux 
incident upon said port from the inside of . saW sphere, and 
wherein said means for mounting comprise^ ^jc^/amping means 
for forcing said sample into fixed abutl^gjp with said port. 

6. The system of Claim 5 wherein said means for mounting 
comprises a heating means for heating said sample, said 
clamping means is effective to mount said heating means in 
thermal contact with said sample effective to heat said 
sample to a preselected temperature, said clamping means 
being effective mount said heating means physically distant 
from said wall, 

7. The system of Claim 6 wherein said clamping means is a 
tension spring having an arm effective to abuttingly clamp 
said heating means against said sample and said sample 
against said wall, at least a portion of said heating means 
being sandwitched between said sample and said arm. 

8. The system of Claim 7 wherein said heater is an 
electrical resistive heater. 

9. In an integrating sphere, said sphere having a wall and 
a port means for passing light flux from the inside of said 
sphere to the outside, a means for mounting a sample 
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effective to expose at least a portion of said sample to 
light flux exiting from said interior, said means for, 




10. The system of Claim 9 wherein said mea^^r/jmounting 
is a pedestal effective to mount said sample^at the center 
of said sphere, said pedestal means comprising an angular 
adjustment means for rotating said sample in said sphere, 
said angular adjustment means comprising a termination means 
for eambling said angular adujust means to rotate said 
sample in said sphere from outside said chamber means. 

11. The system of Claim 10 wherein said set sample is 
subdivided into two sample portions set pedestal means 
comprises a mount effective to mount said sample portions 
back-to-back on said pedestal. 

12. The system of Claim 11 wherein said means for mounting 
is a clamping means for mounting said sample on the inside 
wall of said integrating sphere. 

13. The system of Claim 12 wherein said integrating sphere 
has a port passing through the wall of said sphere, said 
means for mounting is effective to expose said sample to 
light flux incident upon said port from the inside of said 
sphere, and wherein said means for mounting comprises a 
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clamping means for forcing said sample into fixed abutment 
with said port. 

14. The system in Claim 13 wherein said means for mounting 
comprises a heating means for heating said sample f said 
clamping means is effective to mount said heating means in 
thermal contact with said sample effective to heat said 
sample to a preselected temperature, said clamping means 
being effective mount said heating means physically distant 
from said wall. 

15. The system in Claim 14 wherein said clamping means is 

a tension spring having an arm effective to abuttingly clamp 
said heating means against said sample and said sample 
against said wall, at least a portion of said heating means 
being sandwitched between said sample and said aritur— . 

16. The system in Claim 15 wherein said heater is an 
electrical resistive heater. 
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Navy Case 70,840 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application: 
Keith A. Snail 
Kevin L . Carr 

For: INFRARED INTEGRATING SPHERE 

Declaration of Keith A, Sn ail 

Honorable Commissioner of Patents and Tra 
Washington, D. C. 20230 

Sir 

I, the undersigned co-inventor with Kevin L ♦ Carr of 
the above-styled application for Letters Patent, declare 
that: 

1. I am, and was at the time of the making of 
the instant invention, an employee of the U.S. Navy; and 
the said Kevin L. Carr is, and was at the time of the making 
of the instant invention, an employee of Labsphere, Inc., 

of North Sutton, N.H. 

2. I and the said Kevin L. Carr are the co-authors 
of the paper "Optical Design of an Integrating Sphere Fourier 
Transform Spectrophotometer (FTS) Emissometer" prepared for 

a conference sponsored by the SPIE, a professional 
organization, in May of 1986. A copy of said paper is 
appended hereto as "Appendex A" . 

3. At said conference, I presented a talk using 

a set of viewgraphs. At the conference I purposely refrained 
from distributing said viewgraphs or copies thereof, or 



pre-prints or other copies of said paper, to anyone. A 
copy of said viewgraphs is appended hereto as Exhibit "B" . 

4. Said paper was first distributed by SPIE in 
volume 643 of the "SPIE Conference on Infrared Optics" on 
October 13, 1987, in support of which is appended hereto as 
Exhibit "C a photostat of a letter I obtained fraj^Sfi^E 
concerning the distribution date of volume 643<^\Y^ 

5. I know of no distribution of /mtKfcr^said paper 
or said viewgraphs before October 13, 198 6, \t>" anyone outside 
of the U.S. Navy or Labsphere, Inc. 

I further declare that I am aware that willful false 
statements and the like are punishable by fine or 
imprisionment, or both (title 18 of the U.S. Code, section 
1001), and may jeoparadize the validity of the application 
or any patent issuing thereon, that all statements in this 
declaration made of my own knowledge are true, and that all 
statements made on information and belief are believed to 
be true. 



Date 



Keith A. Snail 



